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Abstract 



A method and apparatus for processing a portion of a workpiece. At least one roller (28) is supported on a 
rotatable member rotatable about a main axis (Xr) to be radially moved to and from the main axis. The 
workpiece (4) is supported so that a central axis (Xt) of the portion to be processed is aligned with one of a 
plurality of forming target axes (Xe). A plurality of forming target axes are provided on the basis of a 
plurality of target processed portions of the workpiece changed from the unprocessed portion to a final 
target changed diameter portion of the workpiece with a central axis thereof being at least one of offset 
from, oblique to and skewed from a central axis of the unprocessed portion. Then, at least one of the work 
piece and the roller is driven to be rotated relative to each other about each forming target axis, while the 
roller is moved radially toward each forming target axis of the plurality of forming target axes, with the 
roller being in substantial contact with a surface of the portion to be processed. As a result, the portion to be 
processed is formed into the final target changed diameter portion. Furthermore, opposite end portions of 
the workpiece may be processed sequentially. 
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(54) Method and apparatus for forming a processed portion of a workplece 



(57) A method and apparatus for processing a por- 
tion of a workplece. At least one roller (28) Is supported 
on a rotatable member rotatable about a main axis (Xr) 
to be radially moved to and from the main axis. The 
workplece (4) is supported so that a central axis (Xt) of 
the portion to be processed Is aligned with one of a plu- 
rality of forming target axes (Xe). A plurality of forming 
target axes are provided on the basis of a plurality of tar- 
get processed portions of the workplece changed from 
the unprocessed portion to a final target changed diam- 
eter portion of the workplece with a central axis thereof 
being at least one of offset from, oblique to and skewed 
from a central axis of the unprocessed portion. Then, at 
least one of the work piece and the roller Is driven to be 
rotated relative to each other about each forming target 
axis, while the roller Is moved radially toward each form- 
ing target axis of the plurality of forming target axes, with 
the roller being In substantial contact with a surface of 
the portion to be processed As a result, the portion to 
be processed is formed Into the final target changed 
diameter portion. Furthermore, opposite end portions of 
the workplece may be processed sequentially. 
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Description 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

[0001] The present invention relates to a method for forming a portion of a workpiece, such as a cylinder or shell, 
and an apparatus therefor, especially the method and apparatus for forming the portion of the workpiece by spinning to 
form a changed diameter portion of the workpiece, such as a reduced diameter portion of the cylinder. 

10 

2. Description of the Related Arts 

[0002] As for the method for forming a changed diameter portion of a cylindrical member (hereinafter, simply 
referred to as a cylinder), Japanese Utility-model Laid-open Publication No.61-1 10823 discloses a method for forming 

is a cone portion and a body portion by increasing or reducing a diameter of the cylinder to produce a case for holding a 
catalyst, and reducing a diameter of an open end portion of the case except for the body portion thereof, by a spinning 
process, to form the other cone portion and a conduit connected thereto in a body. In Japanese Patent Laid-open Pub- 
lication No.3-226327, there Is disclosed a method for pressing a tubular member longitudinally by a press die to be 
formed Into an approximately conical shape, then rotating the tubular member and pressing a spinning roll onto the 

20 outer surface of the portion formed Into the conical shape to perform the spinning process, thereby to form an opening 
portion of a pressure case or the like. 

[0003] In the mean time, with respect to an outer shell of a catalytic converter or a muffler of an automotive vehicle, 
It is demanded to produce it easily, and mount it easily In the vehicle, and it is desired to produce It integrally from a 
metal tube. In this situation, ft has been desired to form the reduced diameter portion to be formed on the end portion 
} 25 of the tubular portion, into an unusual shape, such as the one having an offset axis or an oblique axis Inclined to a cen- 
tral axis of the cylinder. According to prior methods for forming the cylinder or shell by the spinning process, however, 
the reduced diameter portion was formed to be coaxial with the main body of the cylinder In order to produce the cyl- 
inder, the main body of which is not coaxial with the reduced portion, therefore, the cone portion (reduced diameter por- 
tion) as shown in the right side In FIG.1 of the above Publication No.61-1 10823 was formed by the press working, and 
30 then the cone portion was connected to the case body by welding or the like. According to those methods, however, the 
produced cylinder can not be expected to be so strong, comparing with that of the Integral construction. Furthermore, ' 
they need the connecting process, different from the forming process, so that It Is cTrfrlcuit to produce the cylinder by 
those methods. As a result, the manufacturing cost of the cylinder shall be Increased, comparing with the cylinder of the 
coaxial type formed by the spinning process. 

35 

SUMMARY OF THE INVENTION 

[0004] Accordingly, It is an object of the present invention to provide a method for forming a changed diameter por- 
tion of a workpiece such as a cylindrical member, easily and property by a spinning process. 
40 [0005] It Is another object of the present Invention to provide an apparatus for forming a changed diameter portion 
of a workpiece such as a cylindrical member, easily and property by a spinning process. 

[0006] In accomplishing the above and other objects, the method for forming the changed diameter portion of the 
workpiece by spinning may comprise supporting the workpiece so that a central axis of the portion to be processed Is 
aligned with one of a plurality of forming target axes, the plurality of forming target axes being provided on the basis of 
45 a plurality of target processed portions of the workpiece changed from the unprocessed portion to a final target proc- 
essed portion of the workpiece with a central axis of the final target processed portion being at least one of offset from, 
oblique to and skewed from a central axis of the unprocessed portion, and molding the portion to be processed by a 
spinning process so that the central axis of the portion to be processed Is matched to each forming target axis of the 
plurality of forming target axes, and simultaneously changing the diameter of the portion to be processed, In each form- 
so ing target axis. 

[0007] The apparatus for forming the changed diameter portion of the workpiece may comprise devices for per- 
forming the steps as described above. For example, the apparatus may include a rotatable member rotatable about a 
main axis, and at least one roller operatively mounted on the rotatable member to be radially movable to and from the 
main axis, and in contact with a surface of the portion to be processed. In the apparatus, a first driving device may be 
55 provided for moving at least one of the workpiece and the at least one roller relative to each other so that a central axis 
of the portion to be processed is aligned with one of a plurality of forming target axes, the plurality of forming target axes 
being provided on the basis of a plurality of target processed portions of the workpiece changed from the unprocessed 
portion of the workpiece to a final target changed diameter portion of the workpiece with a central axis of the final target 
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processed portion being at least one of offset from, oblique to and skewed from a central axis of the unprocessed por- 
tion. A second driving device may be provided for moving the at least one roller radially toward each forming target axis 
of the plurality of forming target axes, with the at least one roller being in substantial contact with the surface of the por- 
tion to be processed and rotating the at least one roller about the main axis relative to the workplece. A controller con- 
5 trols the first and second driving means to form the portion to be processed into the final target changed diameter 
portion. 

[0008] According to the method and apparatus as described above, the changed diameter portion may be formed 
to provide a tapered portion, with the diameter of the workplece gradually changed from an unprocessed portion of the 
workplece toward an end of the changed diameter portion. The changed diameter portion may be formed to provide the 
w tapered portion and a neck portion of a tubular configuration extending from the tapered portion. 

BRIEF DESCRIPTION OF THE DRAWING 

[0009] The above stated object and following description will become readily apparent with reference to the accom- 
is panylng drawings, wherein like reference numerals denote like elements, and In which: 

FIG. 1 Is a schematic block diagram Illustrating a spinning apparatus according to an embodiment of the present 
Invention; 

FIG.2 is a side view of a spinning apparatus with a portion thereof sectioned according to an embodiment of the 
20 present Invention; 

FIG.3 is a plan view of a spinning apparatus with a portion thereof sectioned according to an embodiment of the 
present Invention; 

FIG .4 Is a front view showing a cam plate and support members section according to an embodiment of the present 
invention; 
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FIG.5 Is a schematic view of a cylinder showing an example of reducing a diameter of a cylinder about a forming 
target axis by a spinning apparatus according to an embodiment of the present invention; 
FIG.6 is a front view of a cylinder showing an end portion thereof In each process, with a diameter thereof reduced 
about a forming target axis by a spinning apparatus according to an embodiment of the present invention; 
FIG.7 Is a front view of a cylinder showing an end portion thereof in each process, with a diameter thereof reduced 
about a forming target axis by a spinning apparatus according to an embodiment of the present invention; 
FIG.8 is a front view of a cylinder showing an end portion thereof In each process, with a diameter thereof reduced 
about a forming target axis by a spinning apparatus according to an embodiment of the present invention; 
FIG.9 is a front view of a cylinder showing an end portion thereof In each process, with a diameter thereof reduced 
about a forming target axis by a spinning apparatus according to an embodiment of the present invention; 
FIG.1 0 Is a side view of a cylinder showing an end portion thereof formed according to the process performed in 
FIG.7; 

FIG.1 1 b a side view of a cylinder showing an end portion thereof formed according to the process performed in 
FIG.9; 

FIG.1 2 is a flowchart showing operation of a spinning apparatus according to an embodiment of the present Inven- 
ts tlon; 

FIG.1 3 Is a flowchart showing operation of a spinning apparatus according to an embodiment of the present Inven- 
tion; 

FIG.1 4 is a flowchart showing a forming process according to an embodiment of the present Invention; 
FIG.1 5 is a plan view of a spinning apparatus with a portion thereof sectioned according to another embodiment of 
45 the present Invention; 

FIG.1 6 is a plan view of a spinning apparatus with a portion thereof sectioned according to another embodiment of 
the present invention; 

FIG.1 7 is a plan view of a spinning apparatus with a portion thereof sectioned according to another embodiment of 
the present Invention; 

so FIG. 1 8 Is a plan view of a spinning apparatus with a portion thereof sectioned according to another embodiment of 
the present Invention; 

FIG.1 9 Is a plan view of a spinning apparatus with a portion thereof sectioned according to another embodiment of 
the present invention; 

FIG .20 is a plan view of a spinning apparatus with a portion thereof sectioned according to another embodiment of 
55 the present Invention; 

FiG.21 Is a front view of a chuck device according to another embodiment of the present invention; 

FIG.22 is a plan view of a spinning apparatus with a portion thereof sectioned according to a further embodiment 

of the present Invention; 
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FIG.23 Is a side view of a spinning apparatus with a portion thereof sectioned according to an embodiment of the 
present Invention; 

FIG.24 is a plan view of a spinning apparatus with a portion thereof sectioned according to an embodiment of the 
present Invention; 

5 FIG .25 is a plan view of a cylinder having a changed diameter portion with a central axis skewed relative to a central 

axis of an unprocessed portion; 

FIG.26 is a front view of a cylinder having a changed diameter portion with a central axis skewed relative to a cen- 
tral axis of an unprocessed portion; 

FIG.27 is a side view of a cylinder having a changed diameter portion with a central axis skewed relative to a central 
10 axis of an unprocessed portion; and 

FIG .28 illustrates a spinning process according to an exemplary embodiment of the present Invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

is [001 0] Referring to FIGS. 1 -4 f there Is schematically Illustrated a spinning apparatus according to an embodiment 
of the present Invention, to produce finished products, such as an outer shell (not shown) of a muffler for an automobile, 
a case (not shown) of a catalytic converter, and various pressure cases. The cylinder to be formed according to the 
present embodiment Is the one made of stainless steel, while it is not limited to this, and may be selected from other 
metallic cylinders. In FIGS. 1-4, the spinning apparatus according to the present embodiment Includes a first driving 
20 mechanism 1 and a second driving mechanism 2, both of which are operatively mounted on a base BS. 

[001 1] In the first driving mechanism 1 , a central axis Xt of a cylindrical member 4 (i.e„ cylinder) Is employed as a 
forming target central axis Xe of an end portion (i.e., the forming target central axis Xe of the cylinder 4 Is aligned with 
the central axis Xt, because they are on the same plane in FIG.2), in parallel with which a pair of X-axis guide rails 5 
are fixedly secured to one side (right side In FIG.2) on the base BS. A case 20 is arranged to be movable along the X- 
25 axis guide rails 5. The case 20 has a ball socket 7 which is secured under the case 20, and which is engaged with a 
spline shaft 8. This shaft 8 is mounted on the base BS In parallel with the X-axis guide rails 5, to be rotated by a servo 
motor 9. Accordingly, when the spline shaft 8 is rotated by the servo motor 9, the case 20 is moved along the X-axis. 
On the other hand, a bed 1 a is formed on the other side (left side In FIG.2) of the base BS. Fixedly secured to the bed 
1 a are a pair of Y-axis guide rails 10, on which a pair of sliders 1 1 for supporting a sliding table 6 and a clamp device 
30 1 2 are movabiy mounted, respectively. The clamp device 1 2 includes a lower clamp 1 3 rotatabiy mounted on the table 
6, and an upper damp 1 7 arranged upward of the lower clamp 1 3, to clamp the cylinder 4 between the lower clamp 1 3 
and upper clamp 1 7. The table 6 has a ball socket 1 4 (as shown In FIG.3) secured thereunder, which is engaged with 
a spline shaft 15. This shaft 15 Is mounted on the bed 1a In parallel with the Y-axis guide rails 10, to be rotated by a 
servo motor 1 6. When the spline shaft 1 5 is rotated by the motor 1 6, the table 6 and ciamp device 12 are moved along 
35 the Y-axis relative to the case 20. 

[0012] Above the clamp device 17, an actuator 18, which is activated by oil pressure, for example, is arranged to 
support the upper clamp 1 7 and drive it vertically. When the cylinder 4 is set oh or removed from the clamp device 1 2, 
the upper clamp 1 7 is lifted by the actuator 1 8 upward. A clamp face of a half cylinder configuration Is formed on the 
upper surface of the lower damp 1 3, and a clamp face of a half cylinder configuration Is formed on the lower surface of 
40 the upper damp 1 7. Therefore, when the cylinder 4 Is damped between the clamp feces, it Is secured not to be rotated 
or moved. On the damp device 12, a stopper 19 Is disposed at the opposite side to the case 20, to abut on a one end 
portion of the cylinder 4. The stopper 1 9 is secured to the lower clamp 1 3, so as to be movable together with the clamp 
device 1 2. If the stopper 1 9 is connected to the lower damp 1 3 to be adjustable along the central axis Xt of the cylinder 
4, positioning of the cylinder 4 In Its axial direction can be made property and easily. Accordingly, when the cylinder 4 is 
45 set on the clamp face of the lower clamp 13, with the one end portion of the cylinder 4 abutted on the stopper 1 9, and 
then the upper damp 1 7 is actuated to move downward by the aduator 1 8, the cylinder 4 Is clamped at a predetermined 
position between the lower damp 13 and upper damp 1 7. In this case, the cylinder 4 Is positioned such that its central 
axis Xt Is located on the same plane as the plane where the longitudinal central axis Xr of a main shaft 21 , which will 
be described later, is located in parallel with the base BS, Le. f on the same height from the base BS as the height of the 
so central axis Xr from the base BS. 

[001 3] A rotating device such as a motor 3 1 is embedded In the table 6 at the left side In FIG J2, and an output shaft 
3 1 a of the motor 31 extends upward in FIG.1 , or vertically to the base BS, to be engaged with the lower damp 1 3, which 
Is rotated about the shaft 31a. On the upper surface of the table 6, there is formed a guide groove 32 which has a dr^ 
cular configuration with Its center located on the shaft 31 a, and into which a guide roller 33 is fitted. The guide rdler33 
55 is rotatabiy mounted on the lower damp 1 3, so that the lower damp 1 3 is guided by the groove 32 to be rotated about 
the shaft 31 a 

[0014] With respect to the second driving mechanism 2, the main shaft 21 Is positioned on the same plane as the 
plane, on which the central axis Xt of the cylinder 4 is located, and which Is parallel with the base BS. The main shaft 
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21 Is placed on approximately the same axis as the forming target central axis Xe of the cylinder 4 to be opposite to the 
cylinder 4, and mounted on the case 20 through bearings 20a, 20b to be rotated about the central axis Xr. The main 
shaft 21 is a hollow cylindrical member, in which a cylindrical cam shaft 23 is received, and which is connected to a 
changing speed mechanism 50 as described later. Through a hollow portion of the cam shaft 23, a connecting rod 41 

5 of a mandrel 40 is mounted to be movable in the axiai direction of the cam shaft 23. The mandrel 40 is formed to be 
fitted into the inner shape of the open end portion of the cylinders The connecting rod 41 is connected at its end to a 
cylinder 42 for driving it to move back and forth, and the cylinder 42 is mounted on the base BS through a bracket 1c. 
The main shaft 21 is connected through a gear train 22a to a pulley 22b, which is further connected to a rotating device 
such as a motor (not shown) through a belt (not shown), so as to rotate the main shaft 21. A flange 24 is fixed to a tip 

10 end of the main shaft 21 , so that the flange 24 is rotated about the central axis Xr, together with the main shaft 21 , when 
the latter is rotated. The cam shaft 23 is rotatably mounted on the flange 24. A cam plate 25 is fixed to a tip end portion 
of the cam shaft 23, and rotated about the central axis Xr together with the cam shaft 23. As shown in FIG.4, the cam 
plate 25 is formed with three spiral guide grooves 25a, in which three guide pins 26 are disposed, respectively, to be 
moved In a radial direction in accordance with rotation of the cam plate 25. The guide pins 26 are mounted on three 

75 support members 27, respectively, and the roller 28 is rotatably mounted on each support member 27, as shown in 
FIGS.2 and 3. When the main shaft 21 is rotated, therefore, the roller 28 is rotated about the central axis Xr, and at the 
same time the support members 27 are moved in a radial direction in accordance with rotation of the cam plate 25, so 
that the roller 28 is moved toward and away from the central axis Xr of the cylinder 4. 

[001 5] The speed changing mechanism 50 connected to the cam shaft 23 Is the one employing a flexibly engaged 
driving system that includes a pair of outer rings 51 , 52, which are engaged with the main shaft 21 and the cam shaft 
23, respectively, and inner surfaces of which are formed with gears of the same number of teeth. The flexibly engaged 
driving system further includes a flexible gear wheel 53, which is formed with different number of teeth from the gears 
of the outer rings 51 , 52, and which is engaged with the outer rings 51 , 52, and includes a wave forming wheel 54, which 
is arranged to support the gear wheel 53 to be rotated, and which is arranged to engage with the gears of the outer 
rings 51 , 52 at the two positions facing each other. The wave forming wheel 54 is rotated by a decelerating motor 55. 
The outer rings 51 , 52 are mounted on support gears 56, 57, respectively. A driving gear 58 engaged with the support 
gear 56 is mounted on the main shaft 21 , and a driven gear 59 engaged with the support gear 57 is mounted on the 
cam shaft 23. The flexibly engaged driving system Is already known as a Harmonic Drive (TM of Harmonic Drive Sys- 
tems, Inc., httpy/www.hds.co.Jp/hdss.htm) for example, explanation of its principle will be omitted. The system in the 
30 present embodiment provides a differential mechanism which causes a relative speed difference between the outer 
rings 51 and 52 in accordance with rotation of the main shaft 21. Accordingly, when the main shaft 21 Is rotated, the 
cam shaft 23 is rotated by the differential rotation between the outer rings 51 , 52, thereby to rotate the cam plate 25, so 
that each support member 27 and each roller 28 together therewith are moved in a radial direction toward and away 
from the central axis Xr of the main shaft 21 . The roller 28 may be provided only one, but it Is preferable to provide a 
plurality of rollers, so as to reduce intermittent impacts, and it is ideal to provide three rollers 28 as In the present 
embodiment Any course may be traced by the roller 28 as long as the roller 28 can.be moved in a radial direction. As 
a further embodiment of the device for driving the roller 28, may be employed a planetary gear mechanism (not shown 
herein), or other devices. 

[001 6] The motors 9, 1 6, 31 or the like and the actuator 1 8 or the like are electrically connected to a controller CT 
as shown in FIG.1, from which control signals are output to the motors and actuators to control them numerically. The 
controller CT includes a central processor MP, memory ME, input interface IT and output Interface OT, which are con- 
nected with each otherthrough a bass bar, as shown in FIG.1 . The central processor MP Is adapted to execute a pro- 
gram for spinning process according to the present embodiment, and the memory ME is adapted to memorize the 
program and temporarily memorize variable data needed to execute the program. An Input device IP Is connected to 
45 the input Interface IT to Input Initial conditions, operating conditions or the like of the motors and actuators into the cen- 
tral processor MP, e.g., by operating a key board or the like manually. There are provided various sensors (not shown), 
if necessary, and signals detected by those sensors are fed to the controller CT, wherein the signals are Input from the 
input interface IT to the central processor MP through amplifying circuits AD or the like. The control signals are output 
from the output interface OT and fed into the motors 9, 1 6, 31 , 55 and the actuator 1 8 or the like, through driving circuits 
AC1 or the like. Instead of the controller CT, a control circuit may be provided for each device to perform a predeter- 
mined individual control, respectivef/. 

[001 7] Referring to FIG.5, will be explained hereinafter an embodiment of the method for reducing the diameter of 
the end portion of the cylinder by the above-described spinning apparatus. In FIG.5, a thick solid fine Indicates an esti- 
mated configuration of a finished cylinder 4, I.e., a configuration of Us final forming target end portion, which includes a 
body portion 4a, and a tapered portion 4b and a neck portion 4c which constitute a reduced diameter portion 4d 'CT 
indicates a rotational center, about which the cylinder 4 is rotated, and on which the shaft 31a of the clamp device 12 Is 
located. "Ce" Indicates a center, from which forming operation to the end portion of the cylinder 4 begins, and which is 
lying on the central axis Xt of the cylinder 4, together with the rotational center Ct indicates the center of the final 
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forming target of the neck portion 4c, and "R" Indicates the center of the smallest diameter section of the final forming 
target of the tapered portion 4b, and at the same time the center of a plane mating with the neck portion 4c. "L1 " indi- 
cates a distance between "S" and "R* (abbreviated as a distance S-R) along the X-axis, "L2" indicates a distance R-Ce 
along the X-axis, and "L3" indicates a distance Ce-Ct along the X-axis. An axis Including the centers "S" and *R* is a 

5 forming target central axis Xec. A final oblique angle of "6" Is formed between the forming target central axis Xec and 
the central axis Xt of the cylinder 4. And, "Gr" indicates a final offset amount, which is a distance between the center 
"R" and the central axis Xt of the cylinder 4. Although the center Ce where the forming begins is lying on the forming 
target central axis Xec in FIG. 5, the central axis Xec does not necessarily include the center Ce, so that the center Ce 
will be apart from the central axis Xec when the final oblique angle 6 is set to be larger than that as shown in FIG.5. 

10 [0018] In FIG.5, "D" Indicates a diameter of the body portion 4a of the cylinder 4, and "Dk" Indicates the smallest 
diameter of the forming target tapered portion 4b, and at the same time the diameter of the forming target neck portion 
4c. p Py" Indicates a distance along the Y-axis on the X-Y plane (Le., In the radial direction), which corresponds to the 
amount to be reduced at a portion which Is to be formed to a relatively large extent as shown In the upper side of FIG.5. 
Whereas, "Qy" Indicates a distance along the Y-axis, which corresponds to the amount to be reduced at a portion which 

15 is to be formed to a relatively small extent as shown In the lower side of FIG.5. When the tapered portion 4b Is formed, 
the distances Py and Qy to be reduced are divided by a predetermined number "N" (eight In FIG.5) of forming cycles. 
The moving distances along the Y-axis per one cycle, I.e., pitches along the Y-axis are Indicated by "Pys" and "Qys*, 
and the moving distances along the X-axis per one cycle, i.e., pitches along the X-axis are indicated by "Pxs" and "Qxs". 
"Op" indicates an angle formed on the X-Y plane between the central axis Xt and a longitudinal contour of the final form- 

20 Ing target configuration of the end portion formed to a relatively large extent, I.e., a relatively large angle, whereas "6q" 
indicates an angle between the central axis Xt and a longitudinal contour of the final forming target configuration formed 
to a relatively small extent, i.e., a relatively small angle. 

[0019] On the X-Y plane, the diameter of the forming target end portion at the cycle of (n) for forming the tapered 
portion 4b Is indicated by two-dot chain lines, and a point of intersection between that diameter and the longitudinal con- 

25 tour of the final forming target configuration of the end portion formed to a relatively large extent (upper portion In FIG.5) 
Is indicated by "Pn", and a point of intersection between that diameter and the longitudinal contour of the final forming 
target configuration of the end portion formed to a relatively small extent Is Indicated by "Qn" (lower portion In FIG.5). 
*Vn" indicates a middle point of a line segment between the points Pn and Qn. An axis Xen Including the middle point 
Vn and vertical to the Pn-Qn line segment Is set for a forming target central axis. Therefore, a plurality of forming target 

30 central axes Xen (n=1-8) are set in accordance with positions of the points Pn and Qn. "Dn a indicates a distance 
between the points Pn and Qn, which is twice the moving distance of each roller moved In the radial direction, with its 
component on the X-axis Indicated by "Dxn", and with Its component on the Y-axis indicated by "Dyn\ And, "On" Indi- 
cates an angle formed between a vertical axis and the line segment between the points Pn and Qn as indicated by a 
two-dot chain line. The forming target central axes Xen (n=1 -8) and the forming target central axis Xec are indicated by 

35 a forming target central axis Xe. 

[0020] Accordingly, the distance Py to be reduced Is calculated according to the following formula (1). 

Py=D/2 + Gr-(Dk/2)-cosG (1) 

40 Also, the distance Py to be reduced is calculated according to the following formula (2). 

Qy = D/2 - Gr - (Dk/2) • cosG (2) 

The angles 8p, 8q are calculated according to the following formulas (3) and (4). 

45 

tan(Gp) = Py / {L2 + (Dk/2) • sine} (3) 

tan(eq) = Qy/{L2- (Dk/2)* sine} (4) 

so [0021] When the spinning process Is performed N-cycles, the Y-axis components Pys and Qys of the moving dis- 
tance per one cycle (i.e., pitch) are Py/N and Qy/N, respectively. And, the X-axis components Pxs and Qxs can be 
obtained by Pys/tan(6p) and QysAan(Gq) , respectively. The X-axis component Dxn and the Y-axis component Dyn of 
the distance Dn between the points Pn and Qn at (n) cycle can be obtained as follows: 

55 Dxn = (Pxs - Qxs) • n 

Dyn = D - (Pys + Qys) • n 
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The distance Dn between the points Pn and Qn is obtained as follows: 

Dn = Dyn/cos(9n) 

Therefore, (6n) can be obtained as follows: 

tan(Gn) = Dxn / Dyn 

[0022] Provided that the coordinate system having a x-axis and a y-axis in parallel with the X-axis and Y-axis, with 
Its origin (0,0) positioned on the center Ce for beginning the forming process, the x-axis component Vxn and the y-axls 
component Vyn of the middle point Vn between the points Pn and Qn can be calculated according to the following for- 
mulas (5) and (6). 

Vxn = (Pxs + Qxs)«n/2 (5) 

Vyn = -D/2 + Dyn/2 + Qys • n (6) 

On the coordinate system with the x-axis and y-axls, a line which Is vertical to the line segment Pn-Qn and which is lying 
on the middle point Vn, i.e., the forming target central axis Xen, is indicated by [y = a • x + b ]. 

Since the gradient (a) of the line is (-Dxn / Dyn), and the line Is lying on the point Vn, I.e., the coordinate (Vxn, Vyn), the 
value "b" can be calculated according to the following formula (7). 

b = Vyn + (Dxn / Dyn ) • Vxn ^ 
= -D/2 + Dyn/2 + Qys • n + (Dxn/ Dyn ) • (Pxs + Qxs) • n/2 



As a result, the line which is vertical to the line segment Pn-Qn and which includes the middle point Vn, I.e., the forming 
target central axis Xen, can be Indicated by the following formula (8). 

y = (-Dxn / Dyn) *x + (Dxn / Dyn )• (Pxs + Qxs) • n/2- D/2 + Dyn/2 + Qys *n (8) 

[0023] An Intersection Kn between the above-described line (forming target central axis Xen) and a fine which is 
vertical to the central axis Xt and which Is lying on the rotational center Ct, has (-L3) of its x-coordinate (the origin is Ce), 
so that the y-coordinate of the Intersection Kn corresponds to a distance Gk between the rotational center Ct and the 
Intersection Kn, and it can be indicated by the following formula (9). 

Gk = (Dxn/Dyn)«L3 + (Dxn/ Dyn )• (Pxs + Qxs) • n/2 - D/2 + Dyn/2 + Qys • n (9) 

[0024] Then, a distance Gn between the rotational center Ct and an intersection Tn between the line which is ver- 
tical to the line segment Pn-Qn and which is lying on the middle point Vn (i.e., the forming target central axis Xen) and 
a line which is parallel with the line segment Pn-Qn and which is lying on the rotational center Ct, can be obtained by 
Gk • cosen . And, a distance Ln between the points Vn and Tn can be obtained according to the following formula (1 0). 
(1 0) Ln = {(Vxn + L3) / cos(0n)] - Gk • sln(9n) 

[0025] In the case where a tapered portion including the points Pn and Qn is formed, therefore, if the cylinder 4 is 
rotated about the rotational center Ct counter-clockwise by the angle On in FIG.5, the forming target central axis Xen 
will be positioned In parallel with the central axis Xr (shown In FIGS.2 and 3) of the main shaft 21 , which is aligned with 
the central axis Xt of the cylinder 4 at the initial position. Furthermore, if it Is moved In parallel by the distance Gn along 
the Y-axls (upward In FIG.5), it will be aligned with the central axis Xr of the main shaft 21 . Thus, provided that the form- 
ing target central axis Xen is set as mentioned above, that the moving distance of the roller in the radial direction is set 
to be Dn/2, and that the distance from the rotational center Ct is set to be Ln, then the tapered portion Including the 
points Pn and Qn can be formed by the spinning process properly. 

[0026] According to the present embodiment, the final forming target configuration is set In advance, and each 
forming target configuration for each cycle of N cycles (eight cycles In this embodiment) is also set in advance. Then, 
the distances Ln, Gn for each forming target configuration are calculated, and the forming target central axes Xen (n=1 - 
8) and Xec are set on the basis of the calculated results, in advance. On the basis of the forming target central axes 
Xen, Xec, the spinning process is performed In accordance with a sequence of the cycles beginning from the first form- 
ing cycle. By calculating them N -times, therefore, obtained are Dn = Dk , On = 9 , Ln = L2 / cos8 + L3 • cose , and 
Gn = L3 • sine , so that the tapered portion 4b will be formed. The forming target central axis Xen obtained at the eighth 
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4, beyond which a plastic working will not be perfon^^SJ^l^f ♦ for reducing the diameter of the cylinder 

rotated by «h e angle ei , and nSJESn^^ * th. 2 G? soZ SL?*, "1 ^ **" 12 b 
aligned with the cent™! axis Xr of the rnaTn ^fttS'™?^^ * * <*>* Xe1 b 
to be placed In the open tip end portion of the cylinder4 >- ' 8 man * el 40 13 mwed *"»■"' 

the speed changing mechanism 60. so that ea<3teVLTm^ t^JJ °' 1? plata 25 te rotated throu 9 h 
each roller 28 Is moved rearward ( ghJr F S 3 ^S ^t* 1 (=Xr) " Atthe «ame«™. 
is rotated by (Mr and rotated ° ^ Acaxdin ^ «** roller 2 8 

endpcttfon of thecynnder^ and moved rTcS,^^ 

a result, the tapered portion 4b1 and neck r*JLn .7 *T ^ , (_ Xf) t0 Perform the spinning process. As 
(n=3) is execufed to Setpe^S^^J n£ Snl^" ™* Ute "*«. *° forming cycle 
sbrth forming cycle (n=6), for Z^le C^^ lr^ %2%?V? *T" FIG&7 and 10. Thereafter, at the 
Lastly, when the eighth foxing c^e (^8) isTe^^l , , ** are fom,ed 88 shown ™3.8. 

figurations as sho^n in FIGS 9 ™ SZ-ttSSS^ 5°T.f ^ neCk ^ 42 ha *9 •* <"«* con- 

various parameters are Input by the inpTderfce P ^^,12^^ «GS.12-14. At the outset, 
of the cylinder 4, the smallest diamete of fteteoered Sri ah P . ■ ! C ° ntr °" ar CT m » a ° 

4c, the final offset Grfrom the certer R of Z ? ^ fom,ed ' Le - the diameter Dk °' neck portion 

0. the distance L1 S^^^S^^J^ of the tapered portion 4b. the final oMiqueangle 

Ce, the distance L3 along the^X axis b^een^fc^L r» « ^.T* * ^ *• XaXte betwesn «* <*"■« *- 
gram proceeds to Steps 102 ° an ^0^^^ rXt^^ *? nUmber (N) * ,ormin 9 Then, the pro- 

S in .^!!to^.'^ , ^^ 07 • I ; 0 ^■ 1 10 RS - 13 ' "*« *• "Stance ofthe ro,ler 28 

angie en in F M S^ 2^2™ ^^S'^ ,^ 12 ^ 8,6 
distance of the roller28 moved along the X^^^^^Jm^ ? t™* 1 *"* *• movln 9 

rfeed in the memory ME at Step 1 1 1 The o^onnJZ^ ^ f~f' res P ect,ve| y- Those results are memo- 
counter becomes TP (eight In ttis elTodSa iSZST If" 1 1 1 are repeated Unt " < n ) ° f *• 
the counter is clean* to be zero fc^STfi? X \ . ? 11,8 CateUlaUon b ••"»*"** »• value (n) of 
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clamp device 1 2, the moving distance (Gn) of the roller 28 along the Y-axis, and other data relating to the soinnina omt > 
spinning processes are performed at Step 207, and repeated until the value (n) o^The counter o^oZ -NW £Z Z " 9 

[0034] In the case where it is required to form the opposite ends of the cylinder a hv th« oninnt * , 

[0037] ln ft. state as described above, when the damp device 12 with the cylinder 4 clamped thereby Is rotated 
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about the center of the gear 35 by 180 degree, the cylinder 4 is reversed as shown in FIG.1 9. In this case trimming of 
the neck portion 4b may be made, if necessary, by a laser cutting device (not shown) through a robot arm RA as indi- 
cated by a two-dot chain fine in FIG. 1 9. Then, the spinning process is performed with respect to the other end portion 
(right side in FIG.1 9) of the cylinder 4, thereby to form the cylinder 4 as shown In FIG.20. Thereafter, the cylinder 4 is 

s released from being held by the clamp device 12, so that the finished cylinder 4 is removed from the apparatus Accord- 
ing to the present embodiment, therefore, the spinning process can be performed for both end portions of the cylinder 
4 consecutrvely in a single working process, so that the working time can be shortened comparing with the former 
embodiment Furthermore, if the chuck device 60 is so constituted that It can be rotated or moved together with the cyl- 
inder 4, the Indexing can be made without its returning operation to the initial position (FIG.1 6) being performed so that 

jo the working time can be shortened further. ' 

[ °!^ 8] , to the embodiment as shown in FIG.19, the trimming of the neck portion 4b is made by the laser 

cutting device (not shown), after the spinning process was finished, separately. On the contrary, If a circular plate-like 
cutting element 70 having a smaller diameter than that of each roller 28 Is mounted on the tip end of each roller 28 the 
trimming can be made, Immediately after the spinning process was made, in this case, the cutting element 70 may be 

is fixed to the tip end of each roller 28 to be rotated With the roller 28 In a body, or may be rotatably mounted on the roller 
28 to be rotated Independently thereof. Or, the cutting element 70 may be disposed between the neighboring rollers 28 
and rotatably mounted on the flange 24, separately from the rollers 28, although a mechanism for driving the cutting 
e ement 70 will be complicated. According to the embodiment as shown in FIG.22, therefore, immediately after the spin- 
ning process was performed as shown by two-dot chain lines In FIG.22, the trimming of the neck portion 4b is made by 

20 the cutting element 70, so that an end face of the neck portion 4b Is formed to be vertical to the central axis 

[0039] In the embodiment as described above, the case 20 is moved along the X-axls, and the cylinder 4 is moved 

t I!?. 1 i°J m ° Ved relative to each othen ^ereas, it may be so constituted that the case 20 is 

fixed to the base BS. while the cylinder 4 is moved along the X-axis and Y-axis. That Is, the first driving mechanism 1 
may be gathered at the left side in FIG.2. Furthermore, in the embodiment as described above, the central axis Xt of 
25 the cylinder 4 Is fixed to a position of a predetermined height above the base BS, so as to be located on the same plane 
as the central axis Xr of the main shaft 21 In parallel with the base BS. The height of the central axis Xt of the cylinder 
4 to the base BS may be adapted to be variable, and the central axis Xt may be adjusted vertically relative to the central 
axis Xr of the main shaft 21 . In other words, the apparatus may be provided with a servo motor that drives the cylinder 

_ 1X^ V° th3t a fine Qd J ustment "» be ma <te more easily, as will be described hereinafter with reference to 
30 FIGS.23 and 24. 

„ ,n ™ a ?i and ^ 4 ' the 1 a Is slidabfy mounted on Z-axis guide posts 38 for movement In the Z direction 
so that the axis X of the cylinder 4 can be adjusted relative to the axis Xr of the main shaft 21 . The first driving mech- 

* f 30 ndUde 8 9ear bOX 35 between the bed 1 a and the base ^ ™ e gear box 35 is engaged with a spline 
shaft 34 that is engaged with a hole defined in the bed 1 a. The gear box 35 is also connected to a servo motor 37 
secured to the base BS through a connecting shaft 36. When the connecting shaft 36 is rotated by the servo motor 37 
the spHne shaft 34 is rotated through the gear box 35 so that the bed 1 a Is moved in the Z direction. Therefore, the axis' 
Xt of the cylinder 4 can be adjusted to be located at a predetermined position relative to the base BS and the axis Xt 
can be adjusted relative to the axis Xr of the main shaft 21. Consequently, the axis Xt of the cylinder 4 can be offset 
along not only the Y-axis but also the Z-axls so that a fine adjustment can be easily made in the spinning process 
Although not shown In FIGS.23 and 24, the servo motor 37 can also be controlled by a controller CT as shown In FIG 1 
through a driving circuit 

[0041] According to the apparatus as shown in FIGS.23 and 24. therefore, the cylinder4 may be supported so that 
he axis Xt of the cylinder 4 Is offset along the Z-axis from the axis Xr of the main shaft 21 by an offset distance H and 
is at an oblique angle 6 to the axis Xr of the main shaft 21 . TTius, the axes Xt, Xr are skewed relative to another as they 
45 are not in the same plane nor do they intersect one another. FIGS.25-27 Illustrate an example of a cylindrical member 
4 having a processed portion PP with a central axis Xpp skewed from the central axis Xt of the unprocessed portion UP 

85 1 TJ?i ,Gft S " Q 1 ? GS " 25 and 261 wWto 8 P"**"* P^on PN at the right side has a central axis that Is' 
coaxial with the central axis Xt of the unprocessed portion UP. The central axis Xpp of the processed portion Is offset 
from the central axis Xt of the unprocessed portion UP by a distance H and is also oblique to the central axis Xt at an 
so angle 0. 

[0042] Although the previous embodiments have been described in relation to diameter reduction processes It 
should be appreciated that the diameter of the processed portion PP may be enlarged by the rollers 28 engaging an 
inner surface of the cylinder 4 during the spinning process as shown in FIG.28. 

[0043] it should be apparent to one skilled in the art that the above-described embodiments are merely Illustrative 
of but a few of the many possible specific embodiments of the present Invention. Numerous and various other arrange- 
ments can be readily devised by those skilled in the art without departing from the spirit and scope of the Invention as 
defined in the following claims. 

[0044] A method and apparatus for processing a portion of a workpiece. At least one roller is supported on a rotat- 
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able member rotatable about a main axis to be radially moved to and from the main axis. The workplece is supported 
so that a central axis of the portion to be processed is aligned with one of a plurality of forming target axes. A plurality 
of forming target axes are provided on the basis of a plurality of target processed portions of the workplece changed 
from the unprocessed portion to a final target changed diameter portion of the workpiece with a central axis thereof 
being at least one of offset from, oblique to and skewed from a central axis of the unprocessed portion. Then, at least 
one of the work piece and the roller is driven to be rotated relative to each other about each forming target axis while 
the roller Is moved radially toward each forming target axis of the plurality of forming target axes, with the roller being in 
substantial contact with a surface of the portion to be processed. As a result, the portion to be processed is formed Into 
the final target changed diameter portion. Furthermore, opposite end portions of the workpiece may be processed 
sequentially. 
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A method for forming a processed portion of a workplece to be processed so as to have a diameter different from 
an unprocessed portion of the workpiece, comprising: 

supporting the workplece so that a central axis of the portion to be processed Is aligned with one of a plurality 
of forming target axes, the plurality of forming target axes being provided on the basis of a plurality of target 
processed portions of the workpiece changed from the unprocessed portion to a final target processed portion 
of the workpiece with a central axis of the final target processed portion being at least one of offset from 
oblique to and skewed from a central axis of the unprocessed portion; 

molding the portion to be processed by a spinning process so that the central axis of the portion to be proc- 
essed is matched to each forming target axis of the plurality of forming target axes, and simultaneously chang- 
ing the diameter of the portion to be processed. In each forming target axis. 

The method of claim 1, wherein the spinning process comprises rotating the workpiece and at least one roller rel- 
ative to each other about each forming target axis, and moving at least the one roller radially relative to each form- 
ing target axis into contact with a surface of the portion to be processed to match the central axis of the portion to 
be processed to each forming target axis and to simultaneously change the diameter of the portion to be proc- 
essed. In each forming target axis. 

The method of claim 2, wherein the spinning process further comprises a plurality of cycles, each cycle beginning 
In a state In which the central axis of the portion to be processed Is aligned with each forming target axis of the plu- 
rality of forming target axes. 

The method of claim 3, wherein the spinning process further comprises, at the beginning of each cycle, moving 
each forming target axis and the central axis of the portion to be processed relative to each other and setting each 
forming target axis and the central axis of the portion to be processed so that the central axis of the portion to be 
processed is aligned with each forming target axis of the plurality of. forming target axes. 

The method of claim 4, wherein the spinning process further comprises moving the workpiece during contact of the 
at least one roller with the surface of the portion to be processed. 

The method of claim 1, further comprising; rotating the workplece about a vertical axis thereto, after one end por- 
tion of the workplece was processed to form the final target processed portion, to support the workpiece so that the 
other one end portion of the workpiece Is processed by a spinning process. 

The method of claim 6, further comprising; holding the workpiece, after the one end portion of the woriqjlece was 
processed to form the final target processed portion, and rotating the workpiece about a central axis of the unproc- 
essed portion to position the other one end portion of the workplece In a predetermined relationship with the one 
end portion of the workpiece. 

The method of claim 2, further comprising; trimming the formed portion of the workplece by at least one trimming 
member mounted on the at least one roller, sequentially after the spinning process was finished. 

The method of claim 2, wherein three rollers are rotated relative to the workpiece, and moved radially relative to 
each forming target axis. 



BNSDOCID: <EP 1 053799 A2 I > 



11 



EP 1 053 799 A2 

10. The method of claim 1, wherein the workpiece is cylindrical. 

1 1. An apparatus for processing a portion of a workpiece by spinning, comprising: 
a rotatable member rotatable about a main axis; 

at least one roller operative* mounted on the rotatable member to be radially movable to and from the main 
axis, and In contact with a surface of the portion to be processed; ■rommemain 
first driving means for moving at least one of the workpiece and the at least one roller relative to each other so 

Itr^^ T 1 ^r 110 "* be P rocessed te <>"e of * Polity of forming target axes! t£ 

plurality of forming target axes being provided on the basis of a plurality of target processed portions o toe 
wo^lece changed fnxn the unprocessed portion of the workpiece to a final target changed dCteTporton 

1™ T^Tt , I CSntral ^ °' ** flnal pTOCesSed P ortton bein 9 * leas * °"° ^otee? fnT 
oblique to and skewed from a central axis of the unprocessed portion- 

second driving means for moving the at least one roller radially toward each forming target axis of the plurality 
of forming target axes, wtth the at least one roller being in substantial contact with the sJrface of the Xn to 
be processed and rotating the at least one roller about the main axis relative to the workpiece- and 
control means for controlling the first and second driving means to form the portion to be processed Into the 
final target changed diameter portion. ,n, ° me 

12. The apparatus of claim 11, wherein the first driving means moves the at least one roller gradually close to each 

"2" "f* 'T 0 "! anC ! 3 PlUraKty ° f SP " ,n,n9 CyC,eS ' and driving means n^estheat 

least one roller about the main axis relative to the workpiece every spinning cycle. 

13. The apparatus of claim 1 1, wherein the first driving means moves at least one of the workpiece and the at least one 
roller relabye to each other, to move the at least one roller radially toward each forming teuget axte vrfth m a?LZ 
one roller being In substantial contact with the surface of the portion to be procesLd^nd toe"* ^rrZ 

ITeTr^oT T °T' r™^"** and *° « ,east ona roller «° -<* °ther a£uS fot£g 

target axis, to form the portion to be processed into the final target changed diameter portion. 

14. The apparatus of claim 13. wherein the first driving means moves at least one of the workpiece and the at least one 

uat'cTos^o ieTlf *° T m ° T* "* « P0rt,0n ,0 be Drocessed and eacTforminglatefaSmd 
«nl ™ ST h . * , ^ co " ,ance with a P |urali, y of and the second driving means rotates the at feast 
one roller about the main axis relative to the workpiece every spinning cycle. 

15. The apparatus of claim 1 1 . further comprising; means for rotating the workpiece about a vertical axis thereto after 
one end portion of the workpiece was processed to form the final targe, processed portton^s^ort £ °wf*- 
piece so that the other one end portion of the workpiece Is processed by L at least one roller 

I h l!f ParatUS ° f Claim fUrther «WTP rt *B means for holding the workpiece, after the one end portion of the 
workpiece was processed to form the final target processed portion, and rotating the workpiece about a^aVax^ 

^rsKi'Si: other one end portton of » e h a -E£ 

2 °' TESZT? * ^ 1 1 ' 1,18 < * an9ed diameter P 0 """ 1 18 fo,Tned t0 P^ 0 a te P e ^ Potion, with the 

diameter of the workpiece gradually changed from an unprocessed portion of the workpiece. 

21 . The apparatus of claim 1 9, the changed diameter portion Is formed to provide the tapered portion and a neck por- 
tion of a tubular configuration extending from the tapered portion. 
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